T he foundation of microcirculation as a discipline has been dated to "The First Conference on Microcirculatory Physiology and Pathology" in Galveston, Texas, in 1954. Fulton 1 records that meeting as the birth of the American Society. The European Society for Microcirculation followed it a few years later with its first conference in Hamburg in 1960. The British Society for Microcirculation developed as a guest first of the Anatomical Society in 1963 and then the Royal Microscopical Society in 1965. 2 These societies were well supported by physiologists who at the same time hoped to keep microcirculation on the agenda of their physiological societies. Permeability control, endothelial transport of water, vasomotion, and smooth muscle function were the physiologists' concerns, and they thought little about wound healing. The presence of different disciplines both from the laboratories of the natural sciences and from the bedside made the American and British societies optimally informative for the clinician joining these societies.
Wound healing as a discipline appeared on the scene much later in 1989 as the Wound Healing Society of America and the European Tissue Repair Society initiated their activities. Until then, it was a largely unnamed field, even though blood supply in injury had long been on everyone's agenda.
Although wounds have been written about for centuries, and stopping acute bleeding has been a priority, it is the chronic nonhealing wound that has been the focus of 20th-century microcirculatory research. No wound has been studied with more attention to detail than that of the rabbit ear chamber inserted into a wound in the skin. As a consequence of the chamber, the wound is unable to heal. Many investigators took up this technique, and windows were inserted in many animals and a variety of organs. It was the discipline of anatomy in the United States that published the series of studies of each component of this unique wound visualized daily under the microscope over several months by ER and EL Clark. Because these studies extended over 3 decades, only samples of many references are provided in this paper. [3] [4] [5] [6] [7] The Clarks' early studies were on amphibians. 3 They noted impaired healing where the capillary bed was sparse and considered the availability of oxygen as necessary for tissue growth.
Enthusiasts in anatomy and microscopy rather than clinicians developed the field of microcirculation. But in June 1965 at the Nuffield Orthopaedic Hospital in Oxford, England, 2 clinicians organized the first Microcirculation Society meeting relevant to wound healing with 14 communications and 8 demonstrations. The elder clinician was Joseph Trueta who had been a surgeon in the Spanish Civil War and who on arriving in Oxford did original work on the vascular basis of crush injury. The younger was Terence Ryan, a dermatologist who had developed an interest in capillary microscopy and who had joined the British Microcirculation Society as a founding member. Both Trueta and Ryan were concerned with vascular patterns in health and disease and had an interest in impaired healing. As Ben Zweifach, the doyen of microcirculation in the United States once said, "for clinical relevance of studies of microcirculation in the mid 20th century one must turn to Europe" (B Zweifach, personal communication, 1976). Both Trueta and Ryan believed blood supply worthy of study and that understanding it was best served by exploring the control of blood flow and observing how bone or epithelial cells stimulated the pattern of blood supply they most needed. Experimental pathologists led by Wilhelm 8, 9 were at this time inoculating various noxious agents into the skin and inducing burns with a range of rays. They thus had advanced the knowledge of mediators of inflammation released by wounding. Sewell 10, 11 informed the British Microcirculation Society and dermatologists that different suture materials, catgut, silk, and teflon material, had identifiably different inflammatory effects on blood vessels and that this was relevant to wound healing. Now it was necessary to understand how these mediators induced an optimal blood flow. The rheology or flow of blood determining the arrival on site of oxygen, and inflammatory mediators or cells were a prominent field of study. The British Microcirculation Society first published its abstracts in Biorheology, an indication that the flow properties of blood especially foretold by Copley 12 were of major interest. The balance between fibrin formation and fibrinolysis as a topic came to the fore. Not only did this balance maintain the slipperiness of the wall of the blood vessel, 13 but Odland and Ross, 14 Astrup, 15 Astrup and Thorsen, 16 and others were saying that fibrin molded by fibrinolysis was a scaffold for wound healing with clefts and lattices for endothelial migration and over which epithelium migrates. Furthermore, fibrin degradation products were chemotactic to white cells. Still in the era of "windows," Nishioka and Ryan 17 demonstrated in the hamster cheek pouch chamber that new capillaries stimulated by an epidermal transplant grew out of the vascular bed and climbed over a hillock of epidermis buried in a micropore filter paper. Such climbing required that they first build a scaffold of fibrin. It was postulated that the mechanism required inhibition of fibrinolysis, such inhibitors being demonstrably a product of epidermis. 18 It was clear at this time that the epidermis was releasing mediators that stimulated angiogenesis, controlled permeability, and made white cells stick to the capillary wall. All this required control by the "reticulo-endothelial system" and was fine-tuned by a range of activities somehow lying between the epidermis and its blood supply. 11 Observers of both the capillary bed in the cheek pouch chamber and the capillary bed in the edge of the venous leg ulcer noted morphological similarities, and these were presented at meetings of the British Microcirculation Society. The chronic wound that received most attention at this time by this society was the leg ulcer, capillary microscopy proving to be an informative tool. 19 This was a postwar period when survival from severe wounds had become more common and the management of wounds such as the pressure ulcer in the paraplegic was a long-term battle against impediments to healing. Plastic surgeons had a role to play; the blood supply of flaps opened up questions about ischemia and reperfusion. Flaps and leg ulcers introduced surgeons in large numbers to the microcirculation societies.
The availability of leg ulcers as a common chronic wound, believed at that time to be caused by trauma to an edematous or ischemic leg, encouraged study of the microvascular bed, and this led to new theories of causation. It was again fibrin and fibrinolysis that seemed important. Much later, several theories of causation were presented at meetings: that of the fibrin cuff (by Burnand and Browse), the matrix (by Charles Michel), and white cell sequestration (Nash and Coleridge-Smith). Here in the 1970s was an embryonic field of interest in which clearly blood flow, capillary bed anatomy, inflammation, ischemia, and reperfusion with free radical formation or oxygenation all played a part. Pharmaceuticals and the medical devices industry entered the field of wound healing focusing on blood supply, and this triggered the growth of workshops, meetings, and so on.
Histamine gave way to prostaglandin, low-molecularweight dextran to fibrinolytic therapy. New dressings demanded trials, and trials required measurement. Technologies such as electron microscopy, capillary microscopy, and plethysmography gave way to confocal microscopy, video microscopy, transcutaneous oximetry, and the laser Doppler imager.
When looking for causes of delayed healing other than in leg ulcers, pressure ulcers were found to be commonplace, and there was much interest in the surgically designed flap of skin used to treat them. Another cause of delayed healing was late radiation damage to blood vessels. Ben Jolles and Ray Harrison in Northampton, UK, and the European Late Radiation Effects Group led the interest in effects of radiation on wound healing for some considerable time.
It was at a meeting of the British Microcirculation Society with the Research Group of the British Association of Plastic Surgeons in 1972 that wounds and burns got their first mention. This mention was from guest speakers from New Orleans, Bert Myers, a plastic surgeon, and his colleague George Cherry. They introduced the techniques of flourescein and microangiography, very useful for the study of wounds in pigs. 20 Bert Myers 21 also showed that a little ischemia in a wound stimulates a denser capillary bed and improves tensile strength.
For a while, the surgeon David Lewis, with his interest in tissue perfusion in states of shock, brought surgery still further to the attention of the microcirculation field. The role of microcirculation in bringing oxygen to the tissues was always on the agenda. During the 1960s and 1970s, Ian Silver had pursued studies of oxygen gradients along capillaries in the field of veterinary medicine, 22 particularly in wound healing. Silver with Knighton and Hunt published a book in 1981 23 bringing together the field of blood supply oxygen and wound healing. But it was not until the World Congress of Microcirculation in Tokyo in 1988 that Thomas Hunt, a surgeon, was invited to present on wound healing in a major symposium. Hunt gave the topic its due while focusing on oxygen supply. The era of growth factors and cytokines was now approaching.
Today, when growth factors and cytokines dominate the academic program and the forces of flow and oxygenation are recognized as an influence but attract less interest, it is worth rereading the publications of an era that delineated the properties of both. It may also be worth revisiting fibrin and fibrinolysis, which were shown to induce many of the phenomena now attributed to cytokines but are now rarely mentioned! Ischemia and reperfusion as a field of study has never gone away. Oxygen free radicals are an evil influence but like the devil remain difficult to pin down as a real explanation of pathology.
Diabetes as a field also worthy of study came to the fore in the 1970s. Ophthalmologists led by Norman Ashton hosted one of the most stimulating early meetings in 1973 at Moorfields Eye Hospital, UK, on angiogenesis, alerting the field to oxygen damage and to the microvascular changes of diabetic retinopathy. Interest in diabetes expanded in the 1970s, and eventually John Tooke chaired a symposium on this topic at the World Congress of Microcirculation in Oxford in 1984. The worst wounds are scheduled mostly on the programs of wound-healing societies, but the response to minor trauma as a test for increasing blood perfusion, but which is diminished in diabetes, is still on the microcirculatory agenda, as is indeed the role of transcutaneous oximetry.
Thus, the meeting of the 2 disciplines began in the anatomy school and, at least in the United States at first, steered clear of clinical dominance. Eventually in the 1960s and 1970s, the route taken was one of integration.
Ironically, the European clinicians who did most research on the wounds of man avoided the American term wound healing in favor of tissue repair and viability. But the societies settled on a combined journal named Tissue Repair and Regeneration. Thus, they returned in a full circle to Clark and Clark, 3 who began with the amphibian with a wounded tail that regenerates and in which the microvasculature is clearly visible, a model of wound healing that is now seen to be relevant to the noninflammatory, nonscarring wound healing of another new discipline, healing in the embryo.
